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— " ^« ™^DAniNG SPINEL TYPE UTHlUM MANGANESE COMPOSITE 



(S7\ There can be provided herein an impro,«d 
fZss i^ preparing a spine, type a. ^^^J^^^ 
nese corriplex oxide which may be represented by the 
general formula (I) 



tion is industrially very useful since it has an |^«« 
cycle charaderistJes. especially *f^^ ^^^I 
^ cycle characteristics at an ^^^^^^^ 
JSoui 50 X or more) that has not hitherto been 

achiev/ed, 



Li,Mnp.y)MyiBy20A 



(I) 



(Wherein M is at least one menber selected from *e 
group oonsistir^ of Al. Cr, Fe. Ni. Co. Ga and Mq. ^ b 
17^. s I.I.Vrepresents y - y, -^^'^^^''^^^^ 
represent 0.002 s y a O.S. O s yi < O.S. 0-002 S S 

°i.;Xr..r^-nt.dby^^^^ 
(la) where n in the above general formula (I) » o 



Li»Nln(j.y)My04 



(la) 



in 

ID 
CO 

o 



a. 

UJ 



(Wherein each of M and * has iha same «sgf Icance as 
L= ohoup and V represents 0.002 s y S 0.5) 
Tndt ~i^iS°de ac«ve material for a lithiUrn «, 
sSiSd^ battery which comprises a spind type of l.^- 

improvemamt in the charging and discharfling charao 
teristic property by this process. 

Thrcomplex oxide prepared by the present .rr/an- 




9* (O.K-) 



Primed oy (UK) 8«rt»«i S.rvtoi* 
a.18.7 (MRa)/3.B 
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Description 

Technical Field 



« fftoon The oresent invention reiaies to a process for preparing a spinel type of lithium manganese complex owde 
E an ilSoJS chS^a-^J discharginfl^^e characteristics at an elevated temperature (50 -C or more) and to 
a ;S " aSr^fel for a iLm ion secondary battery which compr^es the spinel type of mh.um man- 

ganese complex oxide prepared by this process. 

10 Background Art 

moflsi AS electronic appliances have been rendered small and portable In recent years, there has been i"creas^ 

ion iw-«icu ^ " ' Kai-ftmpe; littlo SO that a ciood oacking is realized. Furthermore, it is &qpecxea 

electrolyte becomes remarkably Utile. abides wherein a oarl of Mn is substituted for another metal, there 

7Z I rpo^er^Tform ^nd subsequemly heated, there has not yet beer, «'«-"^"";2riL oxJet^rh^^^ 
hl^tXred is uniformly doped with Mn. Therefore, there has not yet been obtamed complex oxide whK*, had eUm^ 
SiS^Siy sJch St of UMnaO* as in the charging and dischargino cycle *aract^cs. especally cycle char- 
t Cr^ =.i«;rtad temoerature (50 -C or more) or In the elution of IVIn Into an electrolyte. 

AlS^ 1^^t Z :ZTJZ^^i, bakeries have been drawn attention aa the electric source matere^ 
Tu 1 ir, or notebooK type of pe^n.. ^^^^^^^l^f^^^^^^^ 

relatively higher temperature than the ordinary temperature, and therefore, the imprwwnent in the enarging ana 
charging cyde characteristics at an elevated temperature has been desired. 

Disclosure of the Invention 

rOOOTl Ar, Object of the present irwention is to provide a process for preparing a spinel ^ ^*[fJ;^"^^°^"X 

UxMn(2.,)MviBy204 ^'^ 
genera) formula (la) where yg in the above general formula (1) is 0 



ss 
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Ha) 



10 



L by using .3 th« positK/e electroda ^^;"^^J^^'^J^:^J^?j!l^e^ cf Al. 

S'r^ci^rJj'-eSdy higher .^^^^^ 
which may be represented by the general lormula (I) 



injla(ll) 

Mn%.8,MP*.(OH)j2.<2^j,*2i(A%- mHzO <"> 
(Wherein MP* at least one met^ c^icn having p^alence (p = ^ ' ^^^^^^^^^ 
kdding'anaqueoussolutioricontainingboricaeidiontothesu^^^^^^ ^^^.^ ^ 



-Q 45 , 0 SS [provided that the general fermula {«) te limned to 

30 medium to Obtain a Slurry. * . . 

spray- or freeze^lrying the obtained slurry, and 

general wrmula (la) where ys in the abwe general lormula (1) « 0 

(wherein each of M and x has the same significance, and y represents 0.002 . y . 0.5) which Is characterised by 
X'^'rlganese comple. hydroxide which may be represented by the general fermula (lla) 

■ Mr^*ti.a)MP*.lOH)[2.(sj.p,,.n*i(A'')z* mHaO ("^) 

obtain a slurry. 

spray- or freere^rying the obtained slurry. ^ 
heating the resuttanl residue at a tempefBture of 600 - 900 C. 

[001 0] -nie process of the present invention has two ^'"^^f^'^^^^^ be represented by the gen- 
001 1 The first feature Is to synthesize the ZdZ metal selected from 

Ul fermula (..)or (lla) wh^einthe^^^ 

;^:rrrrfSra«^^ 



40 



45 
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resented by Mn'^^COHjp.^.j (A-). - mHaO among the compounds represented by the general formula (H) in connection 
with the general formula (1) where = 1. . ^ w w 

[00121 In connection with the general formula (I), the manganese complex hydr«.de obtained by The above syrthe- 
sis process Is filtered, washed with water and suspended in water, and subsequently to the suepension .s added an 
Lue^s^lution containing boric acid ion thereby there may be prepared a slurry containing B. By this preparat«n 
S^ rrn^y be mixed uniformly with the abo.^ 

?JSt;nore. I a water-soluble lithium compound is add«d to the above B-containing slurry in an WU9«« 
dried and heated, then there may be easily obtained the unlfomily doped spinel type of lithium manganese oompl« 
oxide which may be represented by the general formula (I). ^ i ^ k .h = =«nth*..;iB 

1001 3] in connection With the general formula (la), the manganese complex ^vdrQ«lde oWan^ 
orocess is filtered washed with water and suspended in water, and subsequently to the suspension .s added a ««ter 
S lithiim imj;>und in an aqueous medium whereby there may be easily obtained the uniformly doped spinel type 
of lithium manganese complex oxide which may be represented by the general formula (la) 

So 4] The complex oxide of the present invention is one which has improved remarkably cycle character.stcs 
Sally charglngTnd discharging cycle charaderislics under an ^^^^ 

50"C o7m^re) which is the default of LiMn,0,. and the problems as stated above have f .rst been solved by using ii as 
a Dositiwa electrode active material for a lithium ion secondary battery. , u ^ - w» 

fcS^si ««nd feature is to dry the slurry prepared from the above stated manganese complex hydrozde 10 

iVoia and the water soluble lithium compound by a spray- or freeze-drying. By application of f ^^ToSle m^ 
comprises drying the slurry with a nozzle or diskatomirer. drying can be instantaneously accomplished so that t^e man- 
aaZecoSex hydroxide (II) or (lla). boric acid ion and a water-soluble lithium compound remain d.^ers«i at the 
feTeroft^e^pX^rin-ryUtidi during drying to res^ 

hea en^ge generated during drying, a very gcod precursor of the compound (I) or (la) may be «bte.ned^By he«mg rt 
arcorti^l the desired spinel and uniform doped product may be obtained without accompanying the ferniauon of 
« fr^SS ;S as MnaO^ and the like, and there may be obtained uniformly dopal product havng .mpmved cycle 
crrS^stir^JecSly charging and discharging cyde characteristics under an elevated terriperatare like the f irst 
SaturrEve^by spray frying a Lnganese complex hydrodde (II) or (Ma) and a water-soluWe liU^ium «»npou"^ 
emaLSornJydirp^ed^t the level Of the resp^^^^ 

LnZm conposition and hence a very good precursor of the complex oxide repesented by the general formula (D or 

' '^/JfJUSess for drying the slurry, spray- or freeze-drying process may be taten However, the sp^y 
SocSs whe^e drying can be instantaneously accomplished to provide the spherical material in a large amount la pre- 
ferred from the viewpoint of the spherical granulation nature and the uniformity of the composition, 
erred from me v^ewp^ ^ ^^^^^ according to the necess.«. K -ay a^^o b« 

[leatS after tarmeS by compression molding. AS thedried matwial for compression m^^^^ 

licularly preferred from an industrial aspect. _^ ^- ^ i-„»,-< ^r»:« .lariw if deairad 

ana An atmosphere under which procedures of up to drying are performed is not limrted particularly » 
S2er th^ may bS performed under a non-oxidative atmosphere, for example urrfer a nitrogen atmosphere When 
SXm^d u^Tr J J^Sathre atmosphere, the formation of Mn may be suppressed thereby obta.mng the des.r«J 
^wtdotXcdud may be easily obtained. Also, they may be conductedin Presence of for 
e«mple inlr^nic reduing agents such as lithium borohydride. ^'IXSS^^^ 
iik«- and oroanic reduinq agents such as as ascortjic add and the like whereby there may be easily obtained he desired 

amount add«J of the reducing agent Is not restricted particular^, usually it may be 1 - 10 % by weight per the reaction 



SO 



36 



SQ 



55 



iS." 91 AS the water^oIUWe lithium compound, there may be preferably employed one '^^f-^S 
Lvaporated off during the heating. For example, lithium hydro«de. lithium nitrate. Irthium 

preferfeb as the water-soluble lithium compound because they have an anion capable of Wiratmg off dunng the 

heating. In this invantion. one or more of these compounds may be optionally selected for use. 

toO201 As boron boric add may be taken. Boric acid may be easily dissolved in water. ^ 

ES? ijr^oanwe wmpli hydroxide represented by the general formula (II) or (lla) which may be used tor 

Siz'^r'^^at i^T^^e cases of the general formula (II) where a . 0 and the general tormula (lla). bjie «s^ ot*,e 
i7r«ii farmSa nn where a * 0 and the general formula (lla). a mixed solution comprising a water-soli«e Mn and a 
tXlursi of^^ rilled by'w wherein the atomic ratio of W^m . M) becomes 0 <«1-0fSm aqueous 
meLTum is prepa^ ^ and then the mixed solution and an aqueous alkaline f^^^^^l^^r^^i^^^tZ %Z 
^^e pH 8 o^ more thereby effecting the reaction. The reaction product obtained .a filtered and washed with w«er. Oth- 
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erwise in the cas« of the general formula (II) where a » 0, an aqueous sdUion of a water-suluble salt of Mn Is prepared 
and ihen an alkali is atJded dropwisely to the aqueous solution wWIe pH of the systenn is kept to 8 or more thereby 
effecting the reaction. The reaction product obtained is filtered and washed with water. The resultant product may be 
used for the subsequent reaction as A is or in the form of being suspended in water, it is particularly preferabte w con- 
duet the above-stated reaction under a non-oxidative atomosphere. lor example with bubbling of nitrogen, under a vig- 
orous stin-ing with maintaining the reaction temperature to 25 'C and adjusting the resident time for 30 minutes. 
[00231 Examples of the alkali to be used in the present invention include alkali metal hydroxides such as sodium 
fwdroxide potassium hydroxide, lithium hydroxide and the like. Of them, sodium hydroxide is preferable. 
[00241 A"- in the general formula (I) or (la) indicates an anion having n-valence. For example, there may be taken 
anions such as NOV CI' Br, CHaCOO', CQ,^; SO t^' and the like. 

iSmS] A wide valiety of metal compounds wNch may be represented by M are not restricted particularly so long as 
they are water-soluble. For example, metal carbonate, metal nitrate, one derived from organo metal complexes and the 
like may be taken. Preferable ones are shown bdow. 

[0026] AS water-soluble salts of manganese there may be taken manganese sullate. manganese "*«te. manga- 
nese chloride and the like, as water-soluble salts of Al aluminum chloride and the like, as water-soluble salhs of Cr chro- 
mium nitrate 9 hydrate and the like, as water-soluble salts of Fe iron chloride, iron nitrate 9 hydrate and the ike, as 
water-soluble sallof Ni nickel nitrate, as a water-soluble salt of Co cobalt nitrate 6 hydrate, as a water-soluble salt of Qa 
aailium nitrate and as a water-soluble salt of Mg magnesium chloride and the like. ^ . 

foST The manganese complex hydroxide represented by the Q«.eral formula (II) or (I la) which may beused « 
Ihe starting material in the present invention may also be prepared by the so-called seed circilation reaction meihod as 

SS]''^''That is. an aqueous solution comprising a water-soluble salt of Mn and a water-soluble of M (at least one of 
Al Cr Fe Ni Co Ga and Mg) or a water-soluHe salt of Mn and an aqueous alkaline solution are supplied in the prede- 
.e;mi;ed'am"ouni through the respective quantitative pumps to a reaction vessel ^'"iPP^ 

reaction under a stirring at a pH of 8 or more, the overflowed slurry of the reaction product is transported to a th cknw 
and the concentrated slurry in the thicknar is contineously relumed a« seed to the reaction vessel. Accor^i^ to this 
J^a^lbn pmcess. the d^ed manganese complex hydroxrie having a bulk density of about 2 or more may be easily 



fores] ' The heating may be conducted under an atmosphere of an excess of oxygen in air. However, preferably H 

w) mav be conducted in air which is more economical ^ 
S53?^etSnperatureatwhichtheheatingisconductedmaybe600--900'C.p^ 

preferably 750 ' C. At a temperature bek^ 600 -C. there can not be obtained a product having a sulf laent battery 
«S white at a temperature exceeding 900 'C a F«luct is susceptible to decomposition. Any partcular control is 
not required fbr a heating atmosphere, and it i$ enough to conduct under an atmosphere of an air. „ K«.r« 

35 FSsT] The heating ?me fe not rectridedpart-cularly-Hc^ever. it may be 1 hour or m^^^ 

and rnore preferably about 10 hours. If desired, the dried materal may be heated after molded by the compression mbld- 
ina and the like in order to increase the bulk density of the heated material. 

lOM? -Jj^JJroUined spinel type of Irthium manganese compiex oxide of the present invention which may be 
represented by the general formula (I) or (la): 

U.Mnp.y)MyiByz04 C) 
U,Mn{2,y)My04 

4S rmy be effectively utifeed as a positive electrode active rreterial for a lithium ion secondary . . 

rmmi TTie battery test for the positive electrode active material of the present invention has been conduced by 
Sng cdl 2d Sbi^rg^to the test acconding to the method in Experimental Example as desoibed later 

^TSp^^ttlc^Sandiischarging characeristir. urKleran °| ^^^i?" 

ormo^e)hasbeenconfirmedbyplacingthetestcellinaconstanl-tBmperaiureovenheaiedto60 C and then subject 

"° iSiT'TaCS^Srodeforthelithiumions^x-ndarybatt 

Smolex oxWe of JTe present invention has been usaJ as the positive electrode active material, there rnay be used Wh- 
SJSL I Surn aUoy ^ a compound Which is capable of occluding and releasing lithium reversiWy- Examples of lith- 
rSSe S^r,^^^ Whiumflead alloy and the like. Examples of the compound 

ss !!^^^l'c^e^^r^t^ releasing lithium reversiWy include carbon materials such as black carbon, graphite 

raraS^ '""^i electrolyte is not restricted particularly but there may be used at least one of organic solvents, fa- e^- 
Sf^rbona^tich as propylene carbonate, diethyl carbonate and the like; suifdanes such as auHblane. dimethyl«,l- 
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^ tha like- laciones such as y - butyrolactone and the like; and ethers such as dimethoxyethane and the like, 

ion eonductivity. 

Brief Description of the Drawings 
[0037] 

Fig. 1 powder X-ray diffraction parterns of the athlum manganese complax o>«das obtained in Exaniple 1 and. 
RgTs^^d "x.^r*««ction patterns of the .rthlum manganese oomplex oxides obtained in Examples S - 8 
Z f^l'^X"^^ P^«e- of the iithiun, manganese complex o.dea obtained In Exan^es 9 - 12 

and Comparative Example 4. 
Best Modes Igr Carrying Out the invention 
^ [0038] The present invention is more specifically illustrated by the foUowing ^mples. 

Example 1 

_^ .«« -,1 o mi^od aaueous solution of 2.0 mol// manganese nitrate and aluminum 
100391 There was prep^ed 'f^^^ ^ ^^;^^^^ZZ\^eou. solution was added to 100 ml of 4.0 
nitrate wherein the atom^ raf o of Al/^n * ^^1°^;- ^"^^ under a vigorous stirring whUe a nitrogen gas 
mol/i aqueous sodium hydrox.de solutwn. The '^"^.^^"^^^^ obtain^ reaction solution was fiKsrad out 
was bubbled therein and the ^^'^P*'**"'^*:^"^^^;^ in water thereby obtaining a 

under an 

slurry of 1 moW a compound '^"^^^ oorttonwhteh has been taken from the reaction product and dried at 11 0 
(this composition formula was identif lad from a PJ»"TT g g ^« aqueous lithium hydroxide solution was 

•C an overnight, and similarly refers '^^'''Z. ^^^'^'^^J^'^^^ in the slurry i.e. U/(Mn * Al) 

added d«pwisely in an amount such that ^^^^^^'^'T'^^J^ j^,*^^ A series of procedures of from 

became 0.51 to effect the rea^orv '^-'^^^ 'S^Tr^^^^tZ^y^r. (nitrogen atmosphere) was kept. 

KLted to the spinel UMneO.. The lattice constant was 8.16 angstroms. 
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Example Z 



- ar««.,nt 2 % fwM to a mixsd aqueous solution of 2.0 moW Of manganese 
10042] Ascorbic acid was added in anainountrf2%(wAr)^^ 

sulfate and aluminum sulfate wherein the 'l^j^"^' 2 kinds of solu- 

mlxed solution. 2.5 mol// of aqueous ^^^Sl^^ T^^^^-T^^^ «> as to maintain pH 9.0. wher^ 
lions arKd 4.0 moW ^•'"^"^"^^S^JafoS^ ml^^^^^ resWent time. The obtained reaction solution 
upon to the reaction vessel at 20 times velocity as corppared 

:-raSrea~9-^^^^^^^ 

slurry of 1 mol// a «»"V»""J'^^2v 1 0 n^S^HsSs aqueous solution and 3.0 mol// aqueous lithium hydro«de 
To this suspension were added ^«P*"f ^ ' ° ^^^^ B to the (Mn + Al) content In the suspension i.e. mUn 

solution in the respective amounts such "^l^^.J^^T^^^^ 0 5I to effect the reaction. Thereafter, the reac 
. Al) became 0.02 and ^J'-^J^^f ^"^.^^^^^^^^ and heated at 750-0 fbr 10 hours in an 

tion mixture was spray dried. The '*>^''^°2lV^^^ Electric Company), and the healing product was 
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.oimi Al.cltheX-raypeaksappearin.intheX.rayd^.^^ 
spinel UMn204. The lattice constam was 8.1 S angstroms. 
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was added to 2.0 moW ot aqueous manganese ^^^^ catbonate solutton was prepared, 

aqueous solution. In addition to this aqueous ^^'^J;"^'^^'^"^^,a^^ae solution were sirrultaneously 

is:r:rrr.n%ror^^^^^ 

'i^i:;::^':^::^:^tj:^^ srrs .a. .... . - t.e so...«. seed 

f;SS'^".Th\^';a.nedreadioneo,u.onwasfilter^ 

suspension were added dropw.sely 1 .0 mol// WsBOa^^fJ"^ content in the susp^nsipn i.e. BA/ln became 0.02 and 
in the r^ective amount such that *e atomic °< ^"/^^^^ the reaction mixture was spray dried, 

that the atomic ratio of U/(Mn . B) became O^^J^'^'jlS^'^.^Sf ^ 0 hours in an atmo^here o( air in a tube 
The obtained dry gel was put in an alufn"« boat andheated ^ ^ ^ pulverized in an agate mof- 

,urnace(TF^30type.aproduct^^^aE^c^^^ 

the spinel UMn^O.. The lattice constant was 8.17 angstroms. 
is Comparative Example 1 

. ^ ^«t« manoanesedioade and aluminum nitrate {special class of reagent 
t0048] EacJ, of sodium hydroxide ^J^^'^'fl^l""^^'^^ weighed so as to give the atomic ratio of 
prepared by Wako Pure Chemical •^^«f ^.^"'^- T'^o^andUs mixed together suff 

Wn . Al) - 0.05 and the atomic «««J^>^f^;i;i2t^^^^^^ ^'"^^^ °* ^'^ ' '"^^ T 

Tc^sf ""'^iV^'^'^^r^ to the spine. LiMr^O, were obsen^ed In the X ^y d^raCion pattern of the 
itoaified powder. The lattice constant was 8.20 angstroms. 

35 

Conr^arative Example 2 

mulaofUi.oi3Mni -ssoBo.o-wO*. addition 10 ones attributing to the spinel UMri204 were observed 

Experimental Example 1 

Aw^araf test) was conducted using each ot conpleK o»des of 
I00S2] -nre following battery test (charge and d«*arge test) was conau 

Example 1 and Comparative Example 1 as stated a£nvs_ obtained in the above Example and 

1005^ ftr use as the positive electrode '^'^^ ^l^^^^'^r^^T^Ue rn'odure was su«ected to com- 
Corrparath^eE^amplew^^l^v^^^^ 

[0054] AS a negative electrode material was used a ro^^^^^ 
S^a'Asadiaphragm.porousmembra^^^^^^^^^^ 

"nJitro^-r^^^^^^^^ 
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replaced dry hot. The charging and discharging for this test cell were performed under a voltage control between 3.5 V 
and 4.5 V at a constant current density of 0.4 mA/ cm^. 

[0055] As a result of this battery test, the initial discharge capacity (mAh/g). discharge capacity at SOlh cycle 
(mAh/g) and decrease rate of discharge capacity at 50th cyde (%) were as shown in table 1 . 



Table 1 
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Sample No. 


Initial Discharge Cap3ac- 
rty (mAh/g) 


Discharge Capacity at 
SOth Cycle (mAh/g) 


Decrease Rate pf Dis- 
charge Capacity at 50th 
Cyde (%) 


Example 1 


112.8 


111.2 


1.4 




114.5 


113.6 


0.6 




113.5 


112.4 


1.0 


Comparative Example 1 


90.6 


63.8 


29.8 




74.5 


68.2 


8.5 




83.7 


72.5 


13.4 
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Comparative Example 3 

[0056] 1 .0 NIol// aqueous manganese nitrate solution was prepared and then ttiis aqueous splulion and 1 .0 moW 
Uueous sodium hydroxide solution were added simultaneously so as to maintain pH 9.0. whereupon the continuous 
reaction was conducted. The reaction was conducted under a vigorous stirring with bubbling a nitrogen gas while the 
temperature and the the resident time were mainlained to ZS-C and 30 minutes, respectively. The obtained reaction 
solution was fiUered. washed with water, and suspended in water thereby obtaining a slurry of 1 mol// a compound rep- 
resented by the coitiposition ferrnula Mni.ooo(OH)t5<i9{N03)o.osi ' O-IOHaO V 
roQSTl To the suspension 9.0 mol// aqueous fithium hydroxide solution was added dropwisely in an amount such 
that the atomic ratio of U/Mn became 0.S1 with respect to the Mn content in the suspension to eBect the reaction. 
Thereafter, the reaction mixture was spray-dried. - , 

[00581 -me obtained dry gel was put in an alumina boat and heated at 7S0-C for 10 hours in an atmosphere of air 
in a tube lurnace CTF-630 type, a product ol V&mada Electric Company), and the healing product was puh/erized in an 
agate mortar to obtain powders represented by the composition formula of Ui .oezlVIn, .^sp^- ^ ,„ 

[0059] The X -ray dttfraction pattern of this powder was shown in Rg. 2. All of the X -ray peaks were attributed to 
the spinel UMngOa. The lattice constant was 823 anflstroms. 

Example 4 

[00601 -mere was prepared a mixed aqueous sbliition of t.O mol/ / manganese nitrate and aluminum nitrate 
wherein the atomic ratio of AI/(Mn + Al) was O.OS. This mixed aqueous solution and 1 .0 mol// aqueous sotfium hydrox- 
ide solution were added simultaneously so as to gi«e pH 1 1 .0. whereupon the Contnuous reaction was conducted. The 
reaction was conducted under a vigorous stirring and bubbling of a nitrogen gas while the temperatare arid *e resident 
timn inrrrr mn '^'-'^--^"-'»*^-°<^'^'«>-"'i"^^-^flcf '^e' V- obtained reaction solutio n was filtered, washed with 
water, and thereafter suspended in water thereby obtaining a slurry of 1 mol/£ a compoundrepresented by mMompo- 
sitlon formula Mnn 951 Alo o49(OH)t o98(N03)o.osi ■ O-^^HaO. . . » 

foSi] 3 0 Mow aqS^ lithium hydroxide solution was added dropwisely to this suspension in an amount such 
that the atomic ratio of U(Mn + Al) became 0.51 with respect to the (Mn ■^ Al) oonienl in the suspension to effect the 

reaction. Thereafter, the reaction mixture was spray-dried. w„,.«,.:, 

[00621 The obtained dry gel was put in an alumina boat and heated at 7S0-C for 10 hours in an atnnosphere of air 
in a tube furnace fTF-630 type, a product of Yamada Electric Company), and the heating product wae pulvenzed in an 
aoate mortar to obtain powders represented by the composition formula of Uo^syMn i.907Alo.o89O4- ^ ^ , . 
SSsi ^« X -ray Sffraction pattern of this powder was sh,^ in Rg. 2. All of the X -ray peaks were attributed to 
the spinel UMngOA. The lattice constant was 8.21 angstroms. 
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Example 5 

[0064] There W9$ prepared a mixed aqueous solution of 1.0 mol/ i manganese nitrate and aluminum nitrate 
wherein the atomic ratio of Al/(Mn + Al) was 0.05. This mixed aqueous solution and 1 .0 mdill aqueous sodium hydrox- 

5 ide solution were added simultaneously so as to keep pH 1 1 .0, whereupon the continuous reaction was conducted. The 
reaction was conducted under a vigorous stirring and bubbling of a nitrogen ga$ while the reaction temperature and the 
resident time were maintained to 25 »C and 30 minutes, respectively. The obtained reaction solution was filtered, 
washed with water, and thereafter suspended in water thereby obtaining a slurry of 1 mol// a compound represented 
by the composition formula Mno 950AI0 o5o(OH)i g 94(N03)o.o$6 " 0-'» O^gO . To this suspension were added dropwisely 

10 1 .0 mol/ / H3BO3 aqueou$ solution and 3-0 mol/^ aqueous lithium hydroxide solution in the respective amount such that 
the atomic ratio of 8/(Mn + Al) became 0.02 with respect to the (Mn + Al) content in the suspension arxj that the atomic 
ratio of U/(Mn + Al + B) became 0.S1 to effect the reaction. Thereafter, the reaction mixture was spray-dried. 
[0065] The obtainai dry gel was pulverized in an agate mortar to obtain powders represented by the composition 

formula of Lii,oi3'^"t. 866^10.100^0.040^.040^4- ^ ^ 

1$ 10066] The X -ray diffraction pattern of this powder was shown in Fig- 2. All of the X -ray peal« were attributed to 
the spinel LjMn204. The lattice constant was 8.21 angstrpms. 

Example 6 

20 [0067] There was prepared a mixed aqueous solution of 1.0 mol/ 1 manganese nitrate and chromium (III) nitrate 
wherein the atomic ratio of Cr/(Mn + Cr) was 0.Q3. The mixed aqueous solution was .treated according to the similar 
manner as in Example 4 to obtain a slurry of 1 mxMt a compound represented by the composition formula 
Mnb57oCro.o3a(OH)i.9 9l(N03)o.ci39 • O.12H2O. . ^ 

[0068] 3.0 Mol// aqueous lithium hydroxide solution was added dropwisely to this suspension in an amount such 

25 that the atomic ratio of U/(Mn + Cr) became 0.51 with respect 10 the (Mn + Cr) content in the suspension to effect the 
reaction. Thereafter, the reaction mixture was spray-dried. 

[0069] The obtained dry gel was put in an alumina boat and heated at 7S0'C for 10 hours in an atmosphere of air 
in a tU>e furnace, and the heating product was pulverized in an agate mortar to obtain powders represented by the com- 
position formula of Lji,osoMni.9Z4Cro.o6o04. « -w .4^ . 
30 [0070] The X -ray diffraction pattern of this powder was shown in Fig. 2. All off the X -ray peaks were atlrtouted to 
the spinel LiMn204. The lattice constant was 8.23 angstroms. 

Example 7 

35 [0071] There was prepared a mixed aqueous solution of 1.0 mol/ £ manganese nitrate and iron (III) nitrate wherein 
the atomic ratio of Fe/(Mn + Fe) was 0.03. The mixed aqueous solution was treated according to the sirrilar manner 
as in Example 4 to obtain a slun-y of 1 mol// a compound represented by the corr^ition formula Mno.97oFe 
oo3o(OH)t 995(^03)0035 - O-'^O^O. ^ ^ 

[0072] "3.0 UoMl aqueous lithium hydroxide solution was added dropwisely to this suspension m an amount suen 
that the atomic ratio of U/(Mn + Fe) became O.ST with respect to the (Mn + Fe) content In the suspension to effect the 
reaction. Thereafter, the reaction rruxlure was spray^Jried. 
10073] The obtained dry gel was put in an alumina boat and heated at 750*C for 10 hours in an atmosphere of air 
in a tube furnace, and the heating product was pulverized in an agate mortar to obtain powders represented by the com- 
position formula of Ui. 054^^1. 87$^eo.o5904- ^ , ^-w.*^*^ 

— [0074] Thp-x^*^ "^^^^♦^^P^***^''''^^*^^ "^^^ ^- ^' ^^^6 X ■ ray peaks were attribu ted to 

the spinel UMn204. The lattice constant was 8.23 angstroms. 

Example 8 
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[0075] There was prepared a mixed aqueous solution of 1 .0 md/ / manganese nftrate and nickel nitrate wherein 
the atomic ratio of NI/(Mn + Ni) was 0.03. The mixed aqueous solution was treated according to the sirnilar manner as 
In Example 4 to obtain a slun-y off 1 mol// a compound represented by the composition ffbrmula Mno.371 N'o.ozsCOH)! .978( 
NO3)o022 - O.12H2O. ^ . 

[0076] 3 0 Mol// aqueous lithium hydroBcide solution was added dropwisely to this suspension in an amount such 
that the atomic ratio of U/(Mn + Ni) became 0.51 wilh respect to the (Mn + NI) content in the suspension to effect the 
reaction. Thereafter, the reaction mixture was spray-dried. 

ro07/l The obtained dry gel was put in an alumina boat and heated at 750*C for 10 hours in an atmosphere of air 
in a tube furnace, and the heating product was pulverized In an agate mortar to obtain powders represented by the com- 
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position formula of Li^i .0033^^^ sot^'ajoSd^*- 

[0078] The X -ray diffraction pattern of this powder was shown in f=ig- 2. All of the X -ray peaks were attribute to 
the sfMnel UMngO^. The lattice constant was 8.23 angstroms. 

s Example 9 

[00791 -mere was prepared a mixed aqueous solution of l.O mol/ £ manganese nitrate and cobalt nitrate wherein 
the atomic ratio of Co/{Mn * Co) was 0.03. The mixed aqueous solution was trwlad aeco.ding to the simter mann^ 
as in Example 4 to obtain a slurry of 1 mol« a compound represented by the corrposition formula 

SSS^'^'^MoV^'Se-^^^^ ^i;«£solution was added drop^sely to this suspension in an amount such 
that the atomic ratio of U/(Mn + Co) became 0.51 with respect to the (Mn + Co) content in the suspension 10 effect the 
reaction. Thereafter. The reaction mixture was spray'<Jriod. . . . ■ 

100811 The obtained dry gel was put in an alumina boat and heated at 750-C for 10 hou«« in an atmosphere of air 
in a tube furnace (TF-630 type, a product of Yamada Electric Company), and the heating product was pulvenzed in an 
aaate mortar to obtain powders represented by the composition formula of Ui.o32Mni.9i,Coo,o6o04- ^ , . ^ 

[a»2] The X -ray diffraction pattern of this powder was shown in Rg. 8. All of the X ^ray peaks were attributed to 
the spinel UMn204. The lattice constant was 8.23 angstroms. 

go Example 10 

100831 -mere was prepared a mixed aqueous solution of rO mol/ 1 manganese nitrate and gallium nitrate wherein 
he atomic ratio of ea/(Mn + Ga) was o.03. The mixed aqueous solution was treated according to the similar manner 
as in Example 4 to obtain a slurry of 1 mol/< a compound represented by the composition formula 

pO^f^'S^' SSte^^ ^;d!'«i£-solu,ion was added dropwisely to this suspension in an amount su«h 
that the atomic ratio of U/(l^n + C3a) became 0.51 with respect to the (Mn + Qa) content in the suspenswn to eHeot the 
reaction Thereafter, the reaction mixture was spray-dried. ^ 
[0085] The obtain-d dry gel was put in an alumina boat and heated at 7S0'C for 10 hours in an atn^ephere of air 
30 in a tube fumace. and the heating product was pulverised in an agate mortar to obtain powders represented by the com- 

''Cx IrS dOo^P^tt^S^hls po,«.er was shown In Hg. 3. ^.1 of the X -ray peaKs war. attributed to 
the spinel UMnjO^. The lattice constant was 8.23 angstroms. 

55 Example 11 

[0087] -mere was prepared a mixed aqueous solution of 1.0 mol/ / manganese nitrate and inagnesium riitrate 
wherJin the atomic ratio of M9/(Mn + Mg) was 0.03. The mixed aqueous solution v«s treated acco^^ 
manner as in Example 4 » obtain a slurry of 1 moVi a compound represented by the eomposrtion formula 

" ToS^r'^'^sTMovi'iu^^^^^^ was added dropwisely to this suspension In an a-^i^^tsuch 

that the atoitilc ratio ol U/(Mn + Mg) became 0.51 with respect to the (Mn + Mg) content In the suspension to effectthe 
reaction. Thereafter, the reaction mixture was spray-^ried. 
100891 -me obtained dry gal was put In an a'urnira bwt and hwted at 7S(rC 



-.^L.^ L fHrn:^^rKi-th« heatinoj^roduc^ was pulverized in an agate mortar to obtain powders represented by the oom- 

pOSition formula of Lit.02oMni.92sMgo.05904- , . ^. « ^ v u/ara fl«rihij+*H to 

[00901 The X -ray diffraction pattern of this powder was shown in Fifi. 3. All of the X -ray peaks were attributed to 
the spinel LjMn204. The lattice constant was 8.23 angstroms. 

so Example 12 

[00911 -mere were prepared a mixed aqueous solution of 2.0 moUi of mar^ese BuKate and aluminum sufete 
wherein the atomic ratio of AI/(Mn + Al) was 0.05 and 2.S moW of aqueous sorfium carbonate 
menfoned 2 Wnda of solutions and *.0 mol// aqueous sodium hydroxide solution were simultaneously added so asto 
« maSarnllHaa whereupon the continuous reaction was conducted at 25 -C for 80 minutes of the resndent Hme. The 
obSd Reaction solutionwas continuously fad to a thickener, concentrated and returned to the reaction vessel at 20 
times velocity as compared wrth the addition velocity of the raw material to carry out the so-called seed arpulation reac 
tion. 
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[0092] The obtained reaction solution was filtered, washed with water and suspended in water, thereby obtaining a 
slurry ot 1 rnol/f a compound represented by the connposiTionforrTiulaMno.949Alo.osi{OH)i. 957(^03)0 - 0.11 H2O. 
[0093] To this suspension was added dropwisely 3.0 mpl/^ aqueous lithium hydroxide solution in an amount such 
that the atomic ratio of Li/(Mn + Al) became 0.51 with respect to the (Mn + Al) content in the suspension to effect the 
reaction Ther eafier, the reattion mixture was spray dried. The obtained dry gel was put in an alumina boat and heated 
at 750*C for 10 hours in an atmosphere d air in a tube furnace, and the heating product was pulverized in an agate 
mortar to obtain powders represented by the composition formula of Ui.oi3Mn-|.894AIo.ioo04. 
[0094] All of the X -ray peaks appearing in the X -ray diffraction panern of the obtained powder were attributed to 
the spinel UMngO^. The lattice constant was %2Sl angstroms. 

Comparative Example 4 

[0095] Potassium hydroxide monohydrale. manganese dioxide and aluminum nitrate weighed and were mixed suf- 
ficiently in an agate mortor so as to give the atomic ratio of Al/(Mn+AI) = 0.05 and the atomic ratio of 
lJ/(Mn 4- Al) = 0.51 . Thereafter, dry gel was put in an alumina boat and heated at 900"C for 10 hours m an atmosphere 
of air in a tube hjrnace. and the heating product was pulverized in an agate nribrtar to obtain powders represented by 
the composition formula of Uvoo4Mni.9Q2Alo.o9704. • 
[0096] There were observed X -ray peaks attributing to LigMnO 3 and MngOs as well as those attrlbutino to the spi- 
nel UMn2 Oa In the X - ray diffraction pattern of the Obtained powder. 
[00971 "IT^fi lattice constant was 8.21 angstronns. 
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Experimental Example Z 

[0098] The following battery test (charge and discharge test) was conducted using the respective complex oxides 
of the above-stated Examples S - 12 and Comparative Example 4: , . ^ , e , 

[0099] A test cell and an electrolyte tor battery test was pr^red by the similar manner as In expenmental Example 

[OlOOl The test cell was placed in a thermostatic oven of 60 °C and allowed to stand for 30 minutes in a opennsircuit 
state. Thereafter, the constant-current and -voltage charging and discharging were performed under a voltage between 
3.5 V and 4.5 V at a constant cun-ent density of 0.4 mA/cm^, , ^. _^ . ^ 

[0101] As a result of this; battery test, the initial discharge capacity. (mAh/g). discharge capacity at 50th cycle 
(mAh/g) and decrease rate of discharge capacity at 50th cyde (%) were as shown in table 2. 
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Sample No. 


Initial Discharge 
Capacrty (mAh/g) 


Discharge Capacity 
at 50th Cycle 
(mAhAg) 


Decrease Discharge 
at 50th Cyde (%) 


Rate of Bulk Capacity 
Density (g/m^ 


Comparative Exam- 


131.8 


95.6 


27.19 


1.51 


ple 3 








1.39 


Example 4 


106.5 


100.9 


526 


Example 5 


103.6 


96.5 


6.85 


1.37 


-Example-6 


120.7 


111.7 


7.4S 


1.64 


Example 7 


100.9 


75.3 


25.37 


1.41 


Example 6 


103.9 


102.2 


1.64 


1.55 


Example 9 


123.7 


99.2 


19.81 


1.62 


Example 10 


122.2 


104.1 


14.81 


1.49 


Example 11 


117.5 


101.9 


13.28 


1.43 


Example 12 


100.3 


93.2 


7.08 


2.02 


Comparative Exam- 


98.3 


68.5 


. 30.32 


1.42 


ple 4 
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Industrial AppNcablllly 

10102] Acconiing to the present insertion there can be pfw^ed a npvri process for preparing a spinel type of Oth- 
St, manganese co^ex a^. having an improved charging and discharging cycle characterfet.cs under an environ- 
ment of the elevated temperature (50 -C or higher) which may be represented by the general termula (D 

(wherein M represents at least one selected from the group consisting of AI. Cr. Fe fOi Ca ^.f "^,^9' j"^^ 

0. 9 s 1 * 1.l!y represents y = y , + y 2 . 0.002 s y 2 0.5. 0 s y, < O.S. 0.002 s y^ s 0.1) and which may alao be repre- 
sented by the general formula ( la) where yt in the above general formula (1) « o 

UxMnp.y,IWyO« 

fwherein M and x have the same significance as the abovftand y represents 0.002 a y S 0.5) 
in5rp«15veelectrodeactivemate^^^ 

roiS? '^"iTe^complex oxide prepared by the present invention la industrially very useful since it has an improved 
Sc?e iharalSi^th" has ncSbJen achieved, especially an improved charging and discharging cydecharadenst.^ 
at higher temperature (about SO "C or more) than room tenvarature. 

Claims 

1 . In a process for preparing a spine 1 type of lithium manganese complex wide which may be represented by the 
2S general formula (I) 

(Wherein M is at least one metal selected from the group consisting of AI. a. Fe. Ni. Co. Ga and Mg. x is 0.9 s x s 
S nTi>re^I« y =. y , + y 2 . t).002 s y a 0.5. 0 s y, < 0.5. 0.002 s y^ * 0.1). a process tbr prepanng the sp.net 
typ^ of Hthium manganese eompler oxide which is characterized by the steps of: 

suspending inan aqueous mediumamanganese complex hydratidewhich may be represented by the general 
formula (II) 

Mn2*ji,.)r^a{OH)p.(2.p,a.nii(A"-)i • mHaO (") 

(Wherein Vl<- is at least one metal cation having p-valence (p = 2 - 3) selected from the group ^nsj^r^ 
A|3+ Cf 3* Fe^ NiS" Co2+ Qa^ and iwig^*. A"" is an anion hawing n-valence (n = 1 - 2) such as NOa ■ C • 
Br-, COgZ-.' so/. CHaCOO- or the like, a, z andm represent 0 s a s 0.2S. 0.03 < z < 0.3 and 0 < m. respec- 
tively) 

add^ an aqueous solution containing boric acid ion to the suspension, 
^ing furSr a water-soluble lithium compound In an amount such that when repj^s^^d 
Sr!to the total metal content in theaqueous solution the molar raB« 
.i^iiyfe umited to one where a = 0] is in the range of 0-45 - 0.55 or the molar rato of Li/(Mn + M + B) .s 
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in the range of 0.45 - 0.S5 to obtain a slurry, 
spray- or freeze^rying the obtained slurry, and 
heatirtg the resuHant residue at a temperature oi 600 900 X, 

In a process for preparing a spind type of lithium manganese complex o»de which may be represented by the gen- 
eral formula (la) 

UxMn{2.y)My04 

fwherein M is at least one metal selected from the group consisting of AJ, Cr. Fe. Ni, Co. C3a and Mg. x fe 0.9 S x s 
S r.Tri?e?^tsT^^^ s y ^ 0.5). a process fbr preparing the spinel type of lithium manganese complex «.de 
Which is characterized by 
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adding a manganese complex hydroade which may be represented b/ the general formula (lla) 

s (wherein MP* Is at least one metal cation having p-valenee (p = 2 - 3) selecaed from the group conasting of 

^|3+ 3» pe^+ Ni^" Co^*. Ga** and Mg^*. A"" is an anion having n-valence (n = 1 - 2) such as NO3 . CI , 
Br. COs^: so/. CH3COO- or the like. a. z and m represent 0 s a s 0.25, 0.03 < z < 0.3 and 0 <: m. respec- 
tively) „ 
with a water-soluble lithium compound in a molar ratio of LI/(Mn * M) of 0.45 - 0.55 in an aqueous medium to 

10 obtain a slurry, 

spray- or freeze-drying the obtained slurry, and 

heating the resultant residue at a temperature of 600 - 900 °C. 
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A process for preparing a spinel type of lithium manganese complex oxide as claimed in daim 1 or 2 wherein said 
manganese complex hydroxide represented by the general formula (II) or (lla) is one obtained by a process whi* 
corrvrises in either case of the general formula (II) where a * 0 or the general formula (lla). preparing a mixed 
aqueous solution comprising a (water-soluble salt of Mn and a water^oIuWe salt of metal represented by M wherein 
an atomic ratio of M/(Mn + M) is in the range of O.001 - 0.25 in an aqueous medium, adding the mixed aqueous 
solution simultaneoualy with an aqueous alKaline solution to a reaction vessel so as to give a pH of 8 or more to 
effect the reaction, f Htering the obtained reacflon product and washing It with water, or one obtained by a process 
which comprises, in case of the general formula (II) where a = 0. preparing an aqueous solution of Mn. adding the 
aqueous solution simultaneously with an aqueous alkaline solution to a reaction vessel so as to give a pH of 8 or 
■ more, filtering the obtained reactfon product and washing it with water. 

£s 4 A orocess for preparing a spinel type of Bthium manganese complex oxide as claimed in daim 1 or 2 wherein said 
mTnganese complex hydroxide represented by the general formula (II) or (lla) is one obtained by a process which 
comprises, in either case of the general formula (II) where a * 0 or the general fbrmula (lla). preparing a mixed 
aqueous solution comprising a water-soluWe salt of Mn and a water^oluble salt of metal represented by M wherein 
an atomic ratio of M/(Mn + M) is in the range of O.00I - 0.25 in an aqueous medium, and adding an aqueous alka- 

30 line solution to the mixed aqueous solution ur^ler a stirring to effect a reaction while a pH of the system is k^t to 
8 or more or one prepared by a process which comprises, in case of the general tormula (II) where a = 0. adding 
an aqueoiis alkaline solution to an aqueous solution of a water-soluWe salt of Mn under a stirring to affect a reaction 
whOe a pH of the system is kept to 8 or more. 

M 5. A process for preparing a spinel type of lithium manganese complex oxide, as claimed in claim 3 or 

reaction to form the manganese complex hydroxide represented by the general formula (II) or (lla) is conducted in 
a non-ooddative atmosphere. 

6 A process for preparing a spinel type of lithium manganese complex oxide as claimed in claim 3 or 4 wherein a 
40 ' reaction to form the manganese complex hydroxkJe represented by the general formula (II) or (lla) is conducted in 

the presence of a reducing agent. 

7 A process for preparing a spinel type of lithium manganese complex oxide as claimed in claim 3 wherein a prepa- 
raten of the manganese complex hydroxide represented by the general formula (II) where a * 0 or by the general 

^»rfnala^llfl>4ias-been-accorra!ished b y a process whe rein a mixed aqueous solution comprising a water-solubte 
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9. 



salt of Mn and a watar-soluUe salt of metal representBawl«rand-arralkaline-aqueous-solut»n.ace^je!!^ 
through the respective quantitative pumps to a reaction vessel equipped with a overflow to effect a ruction under 
a stirring at a pH of 8 or more, the overflowed slurry of the reaction product is transported to a thickner and the 
slurry concentrated by the thickner is contineously returned as seed to the reaction vessel. 

A positive electrode active material for a lithium ion secondary battery which comprises as an effective ingredient 
the spinel type of lithium manganese complex oxide prepared by the process as claimed in claim 1 or 2. 

A DosHive electrode active material for a lithium ion secondary battery as claimed in daim 8 wherein said poative 
electrode active material has an improved charging and discharging characteristic property under an elevated tem- 
perature. 
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